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Modtaget 



A BJOGAS PRODUCING FACILITY WITH HYDROLYSIS 
FIELD OF THE INVENTION 

The present Invention relates to a method and a system for conversion of organic 
waste Into blogas, i.e. a methane containing gas, with an Improved efficiency and 
economy. 

BACKGROUND OF THE INVENTION 

Typically, today's blogas producing faculties depend on supply of Industrial waste 
containing fat to be economically feasible. Fat has a high energy to weight ratio 
which makes II a useful input for biogas producing facilities. There Is a high demand 
for industrial waste for this purpose, which has made it a rather expensive and limited 
resource. 

Thus, there is a need for a biogas producing facility that makes it possible to 
substitute industrial waste with other materials, e.g. other waste materials. 
SUMMARY OF THE INVENTION 

According to the present Invention, the above and other objects are fulfilled by a 
blogas producing facility comprising a reactor for holding organic waste for 
production of blogas by digestion and having an output for digested waste, and a 
tank that is connected to the reactor output for hydrolysis of the digested waste at a 
pressure that is substantially equal to or higher than the saturation vapour pressure, 
and having an output for hydrolysed material that Is connected to an Input of the 
reactor for adding hydrolysed material to the content of the reactor. 
The hydrolysis process makes the energy content of material that has not been 
dgested in the reactor available for bacterial digestion and thus, the hydrolysed 
material is fed back Into the reactor for former bacterial conversion into biogas. 
The hydrolysis process significantly increases the produced amount of biogas 
compared to a similar facility without the hydrolysis process. 
Provision of hydrolysis alter digestion in the reactor has the advantage that the 
amount of material to be processed In the hydrolysis tank is kept at a minimum since 
the digestible part of the material has already been digested in the reactor. This 
reduces the required capacity of the tank and related Interconnecting systems 
thereby reducing Investments and operational cost 

Further, hydrolysis after digestion provides more energy than hydrolysis before 
d,gest,on. This Is believed to be caused by the fact that constituents of organic matter 
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have a tendency to denature or condense so that the hydrolysed material contains 
derivatives of organic matter that cannot be digested in the reactor. 
The hydrolysis process operates effectively on various materials, such as planting 
stock, such as straw, fibres, and similar fibre containing materials etc, sludge such 
as b,ological sludge from sewage treatment plants, etc. bacterial material, animal 
feed remains, animal remains, etc. 

in a preferred embodiment of the invention, the btogas producing facility further 
comprises a separator that is connected to the reactor output for selective separation 
of particles larger than a predetermined threshold size from the digested waste and 
havmg an output for the separated particles that Is connected to the lank for 
hydrolysis of the separated large particles. 

Larger particles constitute most of the biological substance and thus, the useful 
biological substance is separated from the material that has been digested In the 
reactor for further processing in the hydrolysis tank. This further reduces the required 
capacity of the tank and related interconnecting systems, which In turn further 
reduces investments and cost 

The smaller particles have a large content of biological dry matter that can not be 
digested, for example ngnln-like substances, salts of phosphor, etc. which It is not 
des.rabte to feed into the hydrolysis tank. Thus, the dry matter subjected to 
20 subsequent hydrolysis has low phosphor content 

For hydrolysis of sludge from wastewater treatment plants, the threshold size Is 
preferably 1 .0 mm, and more preferred 2.0 mm. 

For hydrolysis of straw or similar material, the threshold size is preferably 0 2 cm 
more preferred 0.5 cm. even more preferred 1.0 cm. still more preferred 1.5 cm, and 
25 most preferred 2.0 cm. 

The separator may further comprise a dewatering device for dewatering of the 
separated particles. 

The amount of substance entering into the hydrolysis tank Is preferably less than 50 
% of the total amount of substance provided to the facility. 

Hydrolysis is preferably performed at a pressure that is substantially equal to the 
saturation vapour pressure. 

The pressure may be substantially equal to the ambient pressure. I.e. approximately 
1 atmosphere, for provision of a simple and Inexpensive hydrolysis system. 
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For some materials, performing the hydrolysis a t higher pressures than ambient 
pressure, such as the saturation pressure at a temperature of 125 °C, 190 °C etc 
may optimise the efficiency and economics of the biogas producing facility, increased 
temperature decreases the duration of the hydrolysis. For example, hydrolysis may 
be performed at a temperature in the range from 100 °C - 125 °C for 0.25 to 8 hours 
such as for 3 to 8 hours, or at a temperature in the range from 125 »C - 150 «»C for ' 
0.25 to 6 hours, such as for 2 to 6 hours, or at a temperature in the range from 150 
°C - 1 75 *C for 0.25 to 4 hours, such as for 1 to 4 hours, or at a temperature in the 
range from 175 »C - 200 »C for 0.25 to 2 hours, such as for 0.25 to 1 hours. 
The biogas producing facility may further comprise a partitioning device for 
partitioning of organic waste end having an output for supplying the partitioned waste 
to the reactor. 

The biogas producing facility according to the present Invention has made It possible 
to substitute industrial waste with straw. Thus, in a preferred embodiment, livestock 
15 dung mixed with straw is fed into the reactor. Straw has dry matter content of 90 - 95 
% and in spite of the fact that the fat content of straw is very low. it has significant 
energy content. The mixed dung and straw is digested in the reactor. After digestion 
remaining straw parts are separated in the separator and entered into the tank for ' 
hydrolysis. 
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The hydrolysis of material after digestion in the reactor Increases the amount of 
produced gas by 25% to 80% of the amount of gas produced in the reactor alone. 
Typically, the amount of gas produced according to the present Invention Is expected 
to increase by 40 - 50 %. 

Transportation of material by pumping using common blomass pumps requires that 
the dry matter content of the pumped material be kept below app. 15%dry matter If 
the faculty receives waste material with high dry matter content, further waste 
material, such as straw, may not be added into the reactor, but may instead be 
added to the content of the hydrolysis tank. Depending on dry matter content, the 
output of the hydrolysis tank may be fed back into the reactor, or, a separate reactor 
30 for digestion of the hydrelysed material may be provided. 

in an embodiment of the invention, gas produced in the hydrolysis tank is also 
provided to the reactor or to the biogas handling and treatment system for further 
improvement of the biogas producing and treatment process. 
During digestion of waste material in the reactor, various gases and compositions are 
35 produced, among these hydrogen sulphide and ammonia/ammonium. 



4 



27/00 2003 FRE 11:17 FAS +45 33070071 A LB I HNS a/S 



12)003/016 



Hydrogen sulphide originates from sulphate salts and proteins wherein amino adds 
may have some content of reduced sulphur. By digestion of biological substance, 
which takes place at neutral pH. the produced hydrogen sulphide will be present in 
the liquid where It Is formed, and In the produced biogas. 

5 Ammonia/ammonium is formed by digestion of urine and protein since urine has a 
high content of reduced nitrogen, and amino acids typically have a reduced N-group. 
the amino group. 

in water at neutral pH. the ammonia and the hydrogen sulphide are partly soluble 
and react according to: 

10 NH 3 + H a O=*NrV + OH- 

H a S + HjO => HS'+ H* + H a O (H3O*) 
The positive charge of NH 4 * and the negative charge of HS" bring them together and: 

NH«* + HS-=>(NH4*HS-) 0 
This salt is easily spilt Into the corresponding gasses If the partial pressure of the gas 
15 over the liquid in which the salt is formed, is low for the two gasses. If the partial 
pressures of these gasses are high, the salt remains In the liquid. 
During heating of biological substances in connection with the hydrolysis, a number 
of volatile compositions evaporate, such as organic acids, carbon dioxide, ammonia 
and hydrogen sulphide. These gasses are fed into the reactor or to the biogas 
20 handling and treatment system whereby the overall temperature in the biogas is 

increased. Hereby. It will be easier to maintain a constant pressure, since evaporated 
ammonia etc does not accumulate In the tank including the tank headspace. but is 
output from the tank. 

A pressure reduction caused by re-absorption of evaporated ammonia from the 
25 gasses in the liquid leads to formation of ammonium in accordance with the above- 
mentioned reactions. 

Further, subsequent digestion of hydrolysed material may contain a significantly 
reduced content of ammonia/ammonium allowing the temperature at which the 
biogas production takes place to be higher. 

30 In a livestock dung biogas producing radlity. the gas produced typically has a high 
content of hydrogen sulphide, which it is required to reduce to avoid damaging of gas 
motors, etc. which transforms the biogas into electricity and heat. Since gas supplied 
from the hydrolysis tank has an increased temperature and contains evaporated 



5 



27/06 2009 FRE 11:17 PAX +45 33870071 ALBIBNS A/S ^ 

aoo6/oie 

-5- 



10 



15 



20 



25 



30 



water and ionised ammonium (NH 4 *), the above-mentioned reaction takes place and 
converts the hydrogen sulphide to ammonium sulphide. Thus, the gas formed in the 
hydrolysis tank cleans the biogas produced in the reactor. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 schematically Illustrates a biogas producing fecillty according to the present 
Invention suited for waste having low dry matter content, 

Rg. 2 schematically illustrates a biogas producing facility according to the present 
invention suited for waste having high dry matter content. 

Fig. 3 schematically illustrates another biogas producing facility according to the 
present invention suited for waste having high dry matter content, and 

Fig. 4 schematically illustrates the hydrolysis tank of a biogas producing facility 
according to the present Invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Fig. 1 schematically illustrates a biogas producing facility 10 for producing biogas 
from livestock dung mixed with straw. In the Illustrated embodiment, the dung has 
low dry matter content so that a substantial amount of straw may be added to the 
dung. A partitioning device 1 cuts straw Into straw parts having a mean length of 
approximately 5 to 10 cm. The cut straws and livestock dung are mixed in a tank 2 
and the mixed matter Is heat treated in a tank 3a. typically at 70 - 75 -C. to kin 
unwanted bacteria. The heat-treated matter is fed Into a reactor 3 to be digested by 
bacteria for formation of biogas. Typically, the matter is digested for approximately 15 
- 30 days depending on the reactor temperature. Typically, the reactor temperature 
ranges from 30 °C -65 -C. A separator separates particles larger than 0.2 cm to 2 
cm. and the separated particles may be de-watered In a second separator 5 whereby 
the dry matter content reaches 10 - 15 % dry matter. The separated matter Is 
entered Into the hydrolysis tank 6 for hydrolysis. The tank 6 is pressurized by steam 
either directly or via a mantle. The hydrolysed matter Is dissolved In the liquid or 
takes the form of small particles. 

Another biological substance 2a may be supplied to the facility 10. such as industrial 
waste, sorted household garbage, etc. This other biological substance is ted directly 
into the reactor tank 3. and therefore it does not influence the other parts of the 
system. 

Fig. 2 schematically illustrates a biogas producing facility 10 for producing biogas 
from livestock dung mixed with straw. The mixed dung and straw has high dry matter 
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blogas In the headspace of the reactor end/or in the bfogas handling end treatment 
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The onlsed substances react with each other and form salts. The gas Is cooled and 

|n the embodiments fflustrated in Flgs. 1-3. the separators 4, 4b separate particles 
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d.gested ,n the reactor. For example, for hydrolysis of sludge from wastewater 

a^ir^ threSh0,d 8,26 fe ^ ^ fTOm W*"™-* 1 .0 mm to 
2^2T?f ' and f ° rhydro, V S is of fibre containing material, such as straw 
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matter content The separator 5, 5b may be a centrifuge or a screw press etc 
ZZ U T I"" SeParat0r 5 ' 56 COnSt,iUteS 3 " qU,d ^ <^ 60 - 70 
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CLAIMS 

1 . A biogas producing facility comprising 

a reactor for holding organic waste for production of biogas by digestion and 
having an output for digested waste, and 

a tank that is connected to the reactor output for hydrolysis of the digested waste 
at a pressure that Is substantially equal to the saturation vapour pressure during a 
penod of the hydrolysis, and having an output for hydrolysed materia, that Is 

T^Z 9 " ° f ra3Ctor,0r ^ hydr ° ,ySed materia ' 10 the «"«ent 
2. A biogas producing facility comprising 

a reactor for holding organic waste for production of biogas by digestion and 
having an output f 0r digested waste. 

a separator that Is connected to the reactor output for selective separation of 
particles larger than a predetermined threshold size from the digested waste and 
having an output for the separated large particles, and 

a tank that Is connected to the separator output for hydrolysis of the separated 
parties and having an output for hydrolysed material that is connected to an 
-nput of the reactor for adding the hydrolysed material to the content of the 
reactor. 

3. A facility according to claim 1 or 2. wherein the hydrofysis Is performed at a 
temperature In the range from 100 "C - 125 °C for 0.25 to 8 hours. 

4. A facility according to claim 1 or 2. wherein the hydrolysis Is performed at a 
temperature in the range from 125 «C - 150 »C for 0.25 to 6 hours. 

5. A facility according to claim 1 or ^wherein the hydro»ysis is performed at a 
temperature in the range from 150 »C - 175 -C for 0.25 to 4 hours. 

6. A facility according to claim 1 or 2. wherain the hydrolysis Is performed at a 
temperature in the range from 175 °C - 200 «C for 0.25 to 2 hours. 

8 ' 
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9. A facility according to any of claims 2-6. wherein the threshold size is larger than 
or equal to 0.5 cm. 

10. A facility according to any of claims 2-6, wherein the threshold size is larger than 
or equal to 1.0 cm. 

5 11. A facility according to any of claims 2-6. wherein the threshold size is larger than 
or equal to 1.5 cm. 

12. A facility according to any of claims 2-6. wherein the threshold size is larger than 
or equal to 2.0 cm. 

13. A facility according to any of the preceding claims, wherein the tank is further 
1 0 connected to a pressure source for provision of a pressure In the tank above 1 

atmosphere. 

14. A facility according to any of claims 2-13. wherein the separator further comprises 
a dewatering device for dewatering of the separated particles. 

15. A facility according to any of the preceding claims, further comprising a 
partitioning device for partitioning of organic waste and having an output for 
supplying the partitioned waste to the reactor. 

16. A facility according to any of the preceding claims, wherein a first waste material 
with high dry matter content is mixed with livestock dung and the mixture Is 
entered into the reactor for biogas production. 

20 17. A facility according to claim 16. wherein the first waste material Is straw. 

18. Afacility according to any of claims 1-15. wherein a flrstwaste material with high 
dry matter content is mixed with hydrolysed material from the tank and the 
mixture Is Input to the reactor. 

19. A facility according to claim 18. wherein the first waste material is straw. 

20. A facility according to any of claims 1-15. wherein a first waste material with high 
dry matter content is mixed with hydrolysed material from the tank and the 
mixture is input to a second reactor for digestion of the mixture. 

21. A facility according to daim 20. further comprising a second separator that is 
connected to the second reactor output for selective separation of particles larger 
than a predetermined threshold size from tne digested waste and having an 
output for the separated large particles, and wherein the tank is connected to the 
second separator output for hydrolysis of the separated particles. 
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22. A facility according to claim 21, wherein the second separator further comprises a 
second dewatering device for dewaterlng of the separated particles. 

23. A facility according to any of claims 18-22, wherein the first waste material is 
straw. 

24. A facility according to any of the preceding claims, wherein the tank has a gas 
output for supplying gas produced during hydrolysis to be combined with biogas 
produced in the reactor. 
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